Abstract: Food provides a link between the population health and climate stabilisation agendas. This paper argues that a broader view of food security for the 21st century in Australia and internationally is needed -one that judges the food system for its nutritional quality, social value and impact on the environment. If done well, climate change mitigation and adaptation policies provide ways to achieve this. This paper focuses on mitigation strategies, and describes how the reduction of greenhouse gas emissions from the agricultural sector through a reduction in consumption of animal source foods can improve food security and reduce the levels of chronic diseases such as cardiovascular diseases and some cancers.
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In the mid-1970s, the World Food Conference defined food security in terms of a food supply that could ensure the availability and price stability of basic foodstuffs at the international and national level: 'food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life.' 1 This paper argues the need to expand the framing of food security to include not just quantity of food but also its nutritional quality, the wider social context and environmental dimensions. By using such a framing, food insecurity would encompass both a lack of food and a lack of good nutrition. The definition of food and nutrition insecurity encompasses the unhealthy transition from plant-based diets to diets of highly refined foods and meat and dairy products that contain high levels of saturated fats; a transition that is occurring in all but the poorest countries.
2 A more comprehensive understanding of food insecurity also recognises that it is not just nutritional health that is compromised in foodpoor households, but also social behaviour when, due to issues of affordability and access, people cannot eat, shop for, provide or exchange food in the manner that has become the acceptable norm in society. 3 The paper emphasises the critical relationship between climate change and the food system, with consequences for food security, dietary options and chronic disease risks among different social groups.
The paper also discusses how food security in 21st century Australia and internationally requires the focus of food policy to evolve from seeking to increase the amount of food available for consumption, to also consider wider public health and environmental consequences.
Food insecurity in a country like Australia
The world faces high levels of food insecurity; while 1 billion people have insufficient calorie or protein intake and experience undernutrition in relation to micronutrients; in many countries, poor nutritional quality and an excess calorie intake has caused a global obesity epidemic. 4 
Insufficient food
In Australia a substantial proportion of the population are nutritionally compromised through lack of food: 15% of young people, 20% of people in the second lowest income quintile and rental households, 23% of unemployed and single parent households, 5 71% of refugees resident in Australia for less than a year, 6 and 7% of the general population surveyed in South Australia 7 reported having run out of food at times during the previous 12 months and not being able to buy more. In New South Wales (NSW), 5.3% of people aged 16 years and over experienced food insecurity in 2005. 8 The prevalence is much higher among socially disadvantaged households; 22% of low income households in South West Sydney reported having run out of food at times during the previous 12 months and not being able to buy more. 9 Nutritional insecurity A significant proportion of the Australian population while not lacking sufficient food, consume a diet that is nutritionally imbalanced, leading to nutrition insecurity. For example, in 1995 (the most recent nutrition survey for Australia), saturated fat accounted for around 13% of total energy intake by Australian adults, higher than the recommended maximum level of 10%. Analysis of the 2004-05 National Health Survey shows that 86% of people aged 12 years and over consumed fewer than the National Health and Medical Research Council recommended five serves of vegetables per day, and 46% consumed fewer than two serves of fruit. 10 The relationship between food insecurity and chronic diseases Diet plays a prominent role in premature death from many chronic health conditions. Undernutrition leads to increased susceptibility and reduced resilience to chronic diseases and cognitive dysfunction among nutritionally compromised populations. Overconsumption together with a reduction in physical inactivity are among the leading causes of obesity, cardiovascular disease, type 2 diabetes and certain types of cancers.
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Almost a quarter of Australia's disease burden is attributable to diet-related risk factors. 10 Although declining between 1987 and 2006, cardiovascular disease remained the most common cause of death in NSW in 2006 (16 245 deaths). A proportion of the non-communicable diseases that dominate the NSW health burden (Figure 1) 13 could be prevented through action which seeks to ensure food and nutrition security.
Food, social systems and food insecurity
The nature of the global and Australian food systemsfrom the underlying conditions of governance and trade, issues of agricultural production, food procurement and distribution, consumer price of food, excessive marketing of energy-dense, nutrient-poor foods and food wasteaffects food security and health risk through matters of food availability, nutritional quality and affordability. 14 Like most other risk factors for chronic diseases in Australia, food insecurity is more prevalent among socially disadvantaged groups. Having enough money to buy food; being able to travel to retail outlets selling the range of commodities desired in contemporary societies; having food storage and cooking facilities; enjoying a choice of cuisines and food practices appropriate to one's cultural identity; and having the personal skills and knowledge to prepare nutritionally balanced meals influence the social distribution of food and nutrition security and thereby chronic disease risk. 15 Climate change -an additional determinant of food insecurity In addition to existing food and social system inadequacies, there is growing recognition of the additional stress on food insecurity presented by climate change. The drought-prone and long-term drying conditions in Australia and in other subtropical regions around the world, higher temperatures, rising sea levels, increasing frequency of flooding, and acidification of oceans contribute to impaired yield, quality and affordability of food in many countries. 16 Further, climate change-induced disturbances to traditional living, hunting and eating patterns among rural and remote Indigenous populations may also affect food security through reduced options for physical mobility and increased reliance on imported energy-dense processed foods, thus potentially amplifying obesity, cardiovascular disease and diabetes. 17 In Australia climate change is affecting the availability and price of food. Usually one of the world's largest grain exporters, severe drought in the last decade has led to two years (2001-02 and 2007-08) of net grain importing. 18 Similarly, fresh food such as fruit and vegetables are produced and distributed largely domestically however prolonged drought and the frequency of climate changeinduced extreme weather events affect the availability of fruits and vegetables and therefore the consumer price. A recent report estimated that between 2005 and 2007 there had been a 33% increase in the price of vegetables and a 43% increase in fruit prices because of the drought. 19 Rising food prices most affect the poor. In Australia, the cost of consuming a diet based on national health guidelines already uses about 40% of the disposable income of welfare-dependent families compared to 20% of an average income household. 20 Climate change-related additional price increases will add potentially unmanageable financial pressures on some households, leading to food insecurity as well as physical and mental distress. As the cost of the collective basket of household goods starts to increase more rapidly, and income does not, all but the wealthy in Australia and elsewhere will likely feel the effects, putting substantially more people at risk of food insecurity. 21 The food system's contribution to climate change There is a bi-directional relationship between climate change and food systems. All stages in the food system produce greenhouse gases and therefore contribute to climate change. The agricultural production stage represents the single biggest contributor to the overall food sector emissions. According to calculations by the Intergovernmental Panel on Climate Change (IPCC) agriculture along with the associated deforestation and land use changes account for about 29% of global emissions. 22, 23 Production of foods from animal sources (livestock) is the major contributor to emissions from the agricultural sector.
In Australia, 16.3% (88.1 metric tonne carbon dioxide equivalent [MtCO2-e]) of the total 541.2 million MtCO2-e emitted in 2007 came from the agriculture sector (this figure excludes agriculture-associated land use change greenhouse gas emissions). 24 NSW's agriculture sector produced 17.5 MtCO2-e in the same time period -the second largest contribution by the States and Territories to greenhouse gas emissions from the agriculture sector. Livestock give rise to nitrous oxide, both from pasture land and from the arable land used to grow feed crops and methane, from digestive processes of ruminant animals. This enteric fermentation process by ruminant animals is by far the biggest contributor to carbon dioxide equivalent emissions in Australia (57.6 MtCO2-e in 2007). It is both the volume of emissions associated with ruminant animals that are a concern and the type of emissions (the global warming potential of methane is 23 times that of carbon dioxide). The emissions per unit of livestock product vary Climate change, food insecurity and chronic diseases according to the type of animal and the feeding regimen used, but appear higher in beef, sheep and dairy compared with poultry farming.
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In combination with world population growth projections, the increasing demand for agriculturally intensive animal foods, such as meat and dairy products, point to an approximate doubling in global meat consumption by the mid-21st century. 26 This has serious ramifications for climate change and local environments. It is also a concern for food security and human health. 27 While animal-source products are important sources of essential macro and micro nutrients, they are also significant contributors of saturated fats in the human diet and of cardiovascular disease. 11 Colorectal cancer is also strongly related to levels of animal-source dietary intake, particularly red meat. 28 Improving food security through climate change mitigation policy As described, many of the underlying causes of food insecurity and chronic diseases are also greenhouse gasemitting processes. 29 Actions to mitigate climate change are therefore actions that prevent the growth of food insecurity and the associated disease burden in Australia and globally.
Given that the agricultural production stage represents the single biggest contributor to the food system's total emissions and that the bulk of emissions from agriculture are due to livestock production, a key strategy to mitigate climate change -in Australia and other high income countries -would sensibly focus in this area. A recent international research program on the health co-benefits that would result from actions to reduce greenhouse gas emissions in a number of different sectors identified that, combined with technological improvements in farming practices, a 30% reduction in production and populationlevel consumption of animal-source foods would be needed to meet select national emissions targets. 30 Modelling the health effects of a 30% reduction in consumption of animalsource foods (the major dietary source of saturated fat) estimated a 15% reduction in the years of life lost from ischaemic heart disease in the United Kingdom and 16% in Sao Paulo, Brazil. 31 Given that animal-source foods and associated saturated fats are common risk factors for other non-communicable diseases, dietary change would not only prevent ischaemic heart disease but also some cancers and possibly reduce obesity.
A forthcoming paper using Australia as a case study describes the modelled effects of a theoretical reduction in ruminant red meat consumption on colorectal cancer incidence in Australian adults and on greenhouse gas emissions from on-farm activities in the livestock sector. Under a scenario of 50 g/person/day red meat consumption, 27 the estimated preventable proportion for colorectal cancer incidence among males was 10.7% (771 cases in 2005), while reducing annual emissions from livestock by 13.3 MtCO2-e (approximately 22% of emissions). 32 
Conclusion
Food security is no longer only about making food available, accessible and affordable. Climate change and the implications for the type and cost of foods available to Australians as well as preventing further dangerous climate change mean that sustainability must be placed at the heart of the food system. As Lang describes, this means judging food production and consumption for their impact on the environment, health, quality and social values. 33 Climate change mitigation policy provides a major opportunity to improve food security and human health as well as planetary health.
